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Abstract
Objectives—We examined rates of and risk factors for repeat syphilis infection among men who
have sex with men (MSM) in California.
Methods—We analyzed 2002 to 2006 California syphilis surveillance system data.
Results—During the study period, a mean of 5.9% (range: 4.9%–7.1% per year) of MSM had a
repeat primary or secondary (PS) syphilis infection within 2 years of an initial infection. There
was no significant increase in the annual proportion of MSM with a repeat syphilis infection (P=.
42). In a multivariable model, factors associated with repeat syphilis infection were HIV infection
(odds ratio [OR] = 1.65; 95% confidence interval [CI] = 1.14, 2.37), Black race (OR = 1.84; 95%
CI = 1.12, 3.04), and 10 or more recent sex partners (OR = 1.99; 95% CI = 1.12, 3.50).
Conclusions—Approximately 6% of MSM in California have a repeat PS syphilis infection
within 2 years of an initial infection. HIV infection, Black race, and having multiple sex partners
are associated with increased odds of repeat infection. Syphilis elimination efforts should include
messages about the risk for repeat infection and the importance of follow-up testing. Public health
attention to individuals repeatedly infected with syphilis may help reduce local disease burdens.
Syphilis incidence rates have risen dramatically in California over the past decade. After
reaching a nadir of 687 cases in 2000, the number of early cases of syphilis (primary,
secondary, and early latent) in California increased from 1802 (5.1 per 100000 population)
in 2002 to 3836 (10.2 per 100000 population) in 2008.1 Between 70% and 80% of syphilis
Correspondence should be sent to Stephanie E. Cohen, MD, MPH, San Francisco City Clinic, 356 7th St, San Francisco, CA 94103
(stephanie.cohen@sfdph.org). Reprints can be ordered at http://www.ajph.org by clicking the “Reprints/Eprints” link.
Contributors
S.E. Cohen designed the study, conducted the analysis, prepared the initial draft, contributed to revisions of the article, and prepared
the final version of the article. R.A. Chew Ng and M.C. Samuel assisted with the statistical analysis and preparation of the article.
K.A. Katz, K.T. Bernstein, and P.R. Kerndt assisted with data collection, interpretation of results, and preparation of the article. G.
Bolan assisted with the study design, interpretation of results, and preparation of the article.
Human Participant Protection
No protocol approval was needed for this study because routine surveillance data collected for public health purposes were used.
NIH Public Access
Author Manuscript
Am J Public Health. Author manuscript; available in PMC 2013 August 05.
Published in final edited form as:













cases in California occur among men who have sex with men (MSM), and in 2008, 57.2% of
MSM with primary or secondary (PS) syphilis reported that they were infected with HIV.1,2
Similar trends in syphilis infections have been reported throughout the United States and
Europe.3–6
Syphilis causes significant morbidity, has long-term sequelae if untreated, and is associated
with both HIV transmission and acquisition.3,7–11 MSM who contract a repeat syphilis
infection may disproportionately contribute to transmission of the disease.12, 13 Enhanced,
focused public health interventions designed to address the needs of MSM with repeat
syphilis may slow syphilis transmission and play an important role in elimination efforts.
However, it is not known whether rates of repeat syphilis infection have increased with the
rise in syphilis rates or which factors affect risk for repeat infection.
Several studies have identified HIV infection as a risk factor for repeat syphilis
infection,14–18 but it is unclear which factors mediate this association. The association may
be confounded by common behavioral risk factors such as methamphetamine use and
unprotected sexual activity. Previous studies of repeat syphilis infection have included
primary, secondary, and early latent syphilis cases (hereafter referred to as early
syphilis).14–19 Including early latent syphilis cases in an analysis of repeat syphilis infection
may introduce detection bias, in that HIV-infected MSM are screened frequently for syphilis
(often in the setting of routine CD4 and HIV viral load monitoring) and therefore may be
more likely than are HIV-uninfected MSM to have an early latent infection detected.20,21
Identifying risk factors for and delineating trends in repeat syphilis infection are important
for the design and implementation of targeted syphilis prevention strategies. We performed a
retrospective cohort analysis of syphilis cases during 2002 to 2006 among MSM in
California to determine whether the annual proportion of MSM who contracted a repeat
syphilis infection within the subsequent 2 years increased and to identify risk factors for
repeat infection. To limit the impact of detection bias on the magnitude of the association
between HIV and repeat syphilis infection, we limited our primary analysis to symptomatic
(i.e., PS) syphilis cases at baseline and during follow-up.
METHODS
California regulations mandate that laboratories and health care providers report positive
treponemal and nontreponemal syphilis tests and suspected syphilis cases, respectively, to
the local health department.22 Trained disease intervention specialists affiliated with the
local health department attempt to interview and counsel all individuals with confirmed and
suspected early syphilis. During these interviews, demographic, behavioral, and clinical
information is obtained; prevention counseling is provided; partners are identified so that
they can be notified and treated; and syphilis stage is determined (according to the criteria of
the Centers for Disease Control and Prevention).20
In addition, the disease intervention specialist reviews the medical record and consults a
statewide surveillance and case management database for the results of prior syphilis
serological tests and treatment history. The final determination of syphilis stage is made
after the complete case investigation. The data are recorded on a standardized form and
merged to form a unified, statewide database.
Outcome Variable
We used the statewide syphilis database to create a retrospective cohort of all cases of PS
syphilis in California reported between January 1, 2002, and December 31, 2006. These data
were used to create 2 analytic data sets, one to assess trends in repeat syphilis infections and
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one to assess factors associated with a repeat infection. For the trend analysis, we generated
a single cohort for each year from 2002 to 2006 consisting of all reported cases of PS
syphilis among MSM (5 cohorts in total) and identified MSM who had a repeat infection
within the subsequent 2 years; thus, the follow-up period extended through December 31,
2008. For each cohort, we calculated the proportion of MSM who had at least 1 repeat PS
syphilis infection within 2 years. A man with multiple syphilis infections over the 5-year
period was included in the numerator for each cohort in which he had a repeat PS syphilis
infection within the subsequent 2-year period.
In the analysis of risk factors for repeat syphilis infection, we generated a single cohort of all
PS syphilis cases among MSM in California reported between January 1, 2004, and
December 31, 2006, and identified individuals who had at least 1 repeat early (PS and early
latent) syphilis infection within 2 years. This time frame was chosen because major
improvements were made to the syphilis surveillance system in 2004, enhancing the quality
and consistency of subsequent data on behavioral risk factors. For the risk factor analysis,
only MSM who had been interviewed were included because there was no information on
risk behaviors among those had not been interviewed. Among individuals with multiple
repeat syphilis infections, we used the first syphilis infection and the first repeat syphilis
infection within the study interval; thus, each individual was analyzed only once. Risk factor
data were abstracted from the initial syphilis episode.
For both analyses, we used a score-based deterministic matching algorithm to identify repeat
cases within the data set. The algorithm incorporated the following matching variables:
exact or near match on first name and last name, exact date of birth, near match on date of
birth (within 11 days, to allow for minor typographical errors), gender, race, and a
combination variable that included the first 3 letters of the first name and the first 3 letters of
the last name. Potential matches were assigned a score based on the variables that matched
between the 2 records and the weight for each variable. The cutoff score used to define a
match was based on extensive prior investigation of our matching algorithm. Records were
manually reviewed after the automated match to increase match sensitivity and specificity.
A matched case that occurred within 30 days of an initial case was considered a duplicate
and was disregarded.
To test our hypothesis that including repeat early latent syphilis cases in the analysis would
introduce a detection bias that would affect the association between HIV infection and
repeat syphilis infection, we constructed 3 multivariable logistic regression models. For the
primary analysis, the outcome was defined as repeat PS syphilis infection; MSM with a
repeat early latent infection were excluded. For the second analysis, the outcome was
defined as repeat early latent syphilis infection; MSM with a repeat PS syphilis infection
were excluded. For the third analysis, the outcome was defined as repeat early syphilis
infection; all repeat primary, secondary, and early latent infections were included. For each
of the 3 analyses, we compared MSM with an initial PS syphilis infection who did and did
not have a repeat infection within 2 years.
Explanatory Variables
We abstracted demographic (age, race/ ethnicity, region of residence within California),
clinical, and behavioral characteristics from the syphilis interview record obtained at the
time of the initial syphilis infection. Regions were categorized as northern California, central
California, bay area (excluding San Francisco), San Francisco city and county, southern
California (excluding Los Angeles county), and Los Angeles county.23 We determined HIV
status (HIV infected, HIV uninfected, or HIV status unknown) via patient self-report at the
time of the interview. Additional clinical factors obtained from the patient, provider, or
surveillance database included history of syphilis infection, stage of syphilis at initial and
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repeat diagnosis, presence of neurosyphilis at initial or repeat diagnosis, and treatment
regimen at initial infection.
Risk behaviors (self-reported at the time of the interview) included gender of sexual partners
and number of sexual partners during the critical period (the interval during which the
syphilis infection was most likely acquired: 3 months for primary syphilis and 6 months for
secondary syphilis). MSM categorization was determined by a man’s self-report of ever
having had any male sex partners or by provider’s documentation of sexual history. We also
collected data on whether men had engaged in oral, anal insertive, anal receptive, or vaginal
sex in the preceding 12 months and whether they had used a condom during their most
recent vaginal or anal sex.
In addition, we analyzed information on homelessness, incarceration, exchange of money or
drugs for sex, substance use (methamphetamine, cocaine, crack, heroin, nitrates or poppers),
use of erectile dysfunction medications, and venues used to meet sex partners (bars or clubs,
bathhouses, sex clubs, Internet, private parties, circuit parties) in the preceding 12 months.
In the multivariable analyses, behavioral factors with missing data were treated as
categorical variables with 3 possible values: yes, no, and unknown (missing or refused).
Statistical Analyses
The Cochrane–Armitage trend test was used to analyze yearly changes in the percentage of
MSM with a repeat syphilis infection. We conducted univariable and multivariable analyses
to compare demographic, clinical, and behavioral characteristics of interviewed MSM who
did and did not have a repeat PS, early latent, or early syphilis infection within 2 years of an
initial PS syphilis infection. We use the chi-square test or Fisher’s exact test (when expected
cell counts were small), with 2-tailed P values and 95% confidence intervals (CIs), to
compare proportions.
We used univariable logistic regression in determining univariable odds ratios (ORs) and
conducting likelihood ratio tests. We constructed a multivariable logistic regression model
that included HIV status (identified as an independent risk factor for repeat syphilis infection
in previous studies), potential confounders of the association between HIV infection and
repeat syphilis infection (age, race, number of sex partners, substance use, and meeting
venue), and variables that were significant in the univariable analysis (according to a
likelihood ratio test) at the P<.2 level. Variables were sequentially removed from the model,
starting with those with the highest P value; confounders (identified a priori) and variables
significant at the .05 level were retained during modeling. We used a likelihood ratio test
that compared a model with and without interaction terms to assess interactions between
variables. The significance level for interaction terms was set at P<.2. All P values were 2-
tailed.
SAS version 9.1 (SAS Institute, Cary, NC) was used in the matching procedure to identify
repeat syphilis cases; the procedure included blocking on key matching variables, use of the
“complev” function to identify near matches on first name and last name, and use of PROC
SQL to generate the matching score. We used Stata version 11.0 (Stata Corp LP, College
Station, TX) to conduct all statistical analyses. Results from a study involving a subset of the
data described here have been reported elsewhere.15
RESULTS
From 2002 to 2006, there were 5557 cases of PS syphilis among MSM in California. There
was no significant increase during this period in the annual percentage of MSM who
contracted a repeat PS syphilis infection within the subsequent 2 years (range=5.0%to 7.1%;
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P =.43; Figure 1). The median time to a repeat PS syphilis infection was 396 days
(interquartile range[IQR]=259–543 days).
The analysis of risk factors for repeat syphilis infection was restricted to the 3396 MSM who
had at least 1 PS syphilis infection reported in California between 2004 and 2006. We
excluded from the risk factor analysis 396 (11.7%) men with PS syphilis who had not been
interviewed, including 26 who had a repeat PS syphilis infection within 2 years. In addition,
in our primary risk factor analysis, we excluded 138 MSM who had a repeat early latent
syphilis infection. Of the remaining 2862 interviewed men with PS syphilis who were
included in the risk factor analysis, 162 (5.7%) had a repeat PS syphilis infection within 2
years (Figure 2).
Demographic, behavioral, and clinical characteristics of MSM included in the primary
analysis are shown in Table 1. Overall, the median age of MSM in this analysis was 38 years
(IQR=31–43 years). The median age of men without a repeat infection was 38 years as well
(IQR=31–43 years), and the median age of men with a repeat infection was 36.5 years
(IQR=30–42 years). Most cases were reported in southern California, including Los Angeles
county (65.9%), or San Francisco city and county (19.5%). The majority of the patients were
White (55.2%), followed by Latino (27.7%), Black (9.1%), and Asian (4.9%).
Data on HIV status were available for 2598 (90.8%) MSM; 1508 (52.7%) of these men were
HIV infected. The median number of sexual partners was 3 (IQR=1–6), and 467 (16.5%)
men reported having 10 or more sexual partners during the critical period. Of the 1987 men
who provided data on their condom use practices (69.4% of the MSM included in the
analysis), 700 (35.2%) reported having used a condom during their most recent anal
intercourse.
MSM who had a repeat PS syphilis infection within 2 years were more likely than those who
did not to have had 10 or more sex partners during the critical period (25.0% vs 16.0%; P<.
01), to have had anonymous sex partners in the preceding 12 months (69.8% vs 59.8%; P<.
05), to have used methamphetamines in the preceding 12 months (27.8% vs 19.4%; P<.05),
to be HIV infected (65.4% vs 51.9%; P<.01), and to be Black (13.6% vs 8.8%; P<.05; Table
1). Black MSM were more likely than were White MSM to have a repeat syphilis infection,
despite being less likely to report having 10 or more sex partners during the critical period
(11.9% vs 19.2%; P<.01). Black MSM were also more likely than were Latino MSM to have
a repeat infection. Other demographic, clinical, and behavioral factors, including age,
history of syphilis, treatment regimen, presence of neurosyphilis at the time of the initial
syphilis infection, use of a condom during most recent intercourse, and exchange of money
or drugs for sex in the preceding 12 months, were not significantly associated with the odds
of repeat infection in univariable analyses.
In multivariable analyses, factors associated with repeat PS syphilis infection were HIV
infection (adjusted odds ratio [AOR]=1.65; 95% CI=1.14, 2.37), Black race (reference
category=White race; AOR=1.84; 95% CI= 1.12, 3.04), and 10 or more sexual partners
during the critical period (reference category=1 partner; AOR=1.98; 95% CI=1.12, 3.50;
Table 1). Black race was also significantly associated with repeat infection in a model in
which Latino race was the referent category (AOR=1.78; 95% CI=1.03, 3.06). There were
no significant interactions between HIV status, race, and number of sex partners.
Adjusted odds ratios of repeat syphilis for HIV-infected MSM relative to HIV-uninfected
MSM were 3.45 (95% CI=2.19, 5.44) when the repeat infection was early latent syphilis and
1.65 (95% CI=1.14, 2.37) when the repeat infection was PS syphilis (Table 2). The odds
ratios and corresponding P values for repeat syphilis infection associated with having 10 or
more sex partners compared with a single partner were virtually the same regardless of
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whether repeat early latent syphilis cases were included in the outcome case definition;
however, the association between Black race and repeat syphilis infection was not
statistically significant in the analysis that included repeat early latent syphilis cases only or
in the analysis that included all early (PS and early latent) syphilis cases (Table 2).
DISCUSSION
Despite increasing rates of early syphilis in California between 2002 and 2006, the annual
proportion of MSM with a repeat PS syphilis infection within 2 years of an initial PS
syphilis infection did not change. This finding suggests that the syphilis epidemic in
California is continuing to extend to previously uninfected individuals and highlights the
importance of ongoing primary syphilis prevention efforts. At the same time, the presence of
a group of MSM who are infected with syphilis multiple times, similar in proportion but
expanding in absolute numbers, may be contributing to ongoing syphilis transmission and to
unsuccessful elimination efforts to date.
In our analysis, 5.7% of MSM had a repeat PS syphilis infection during 2004 to 2006, and
an additional 4.9% had a repeat early latent syphilis infection. These findings are consistent
with other reports of repeat syphilis infections. For example, a San Francisco study showed
that 6.7% of MSM with early syphilis in 2001 and 2002 had a repeat early syphilis infection
within 1 year.14 In a Chicago study, 10.1% of MSM diagnosed with early syphilis during
2000 to 2005 had a repeat early syphilis infection,18 whereas in a Florida study, 7.5% of
MSM diagnosed with any stage of syphilis between 2000 and 2008 had a repeat infection.17
Comparisons of rates of repeat syphilis infection across studies are limited by different study
populations (all individuals or only MSM), different case definitions (early syphilis or only
PS), and different time frames for repeat infection (within 1 year, within 2 years, or ever). A
standardized approach to the analysis of repeat syphilis infection would facilitate cross-study
comparisons. Although consistent methodologies have not been used across studies, all
published studies of which we are aware have revealed that a small but potentially important
proportion of patients with reported syphilis cases will have a repeat infection.
After controlling for behavioral risk factors and limiting our analysis to symptomatic
syphilis infections, we found that HIV-infected MSM were more likely than were HIV-
uninfected MSM to have a repeat PS syphilis infection. Several possible factors may explain
this result. Serosorting (selective unprotected sex with partners of the same serostatus) has
been used by MSM as a harm reduction strategy to decrease the risk of HIV transmission
and acquisition.24–26 A higher baseline prevalence of syphilis within a sexual network of
HIV-infected MSM who are serosorting could partially explain the association between HIV
and repeat syphilis infections. However, because we did not have sufficient data on the HIV
serostatus and condom use practices of sex partners, we could not directly assess the role of
serosorting in the risk for repeat syphilis infection. An alternative hypothesis is that
immunosuppression secondary to HIV infection could lead to an increased biological
susceptibility to syphilis acquisition or transmission.27
We found that the adjusted odds ratio of repeat syphilis among HIV-infected MSM relative
to HIV-uninfected MSM increased when early latent syphilis cases were included in the
outcome case definition. Although we cannot statistically assess the significance of this
difference, the trend suggests that the magnitude of the association between HIV and repeat
syphilis infection depends on the stage of syphilis at repeat infection.
Because HIV-infected MSM are screened more frequently for syphilis and are significantly
more likely than are HIV-uninfected MSM to have a repeat syphilis test after an initial
infection,20,28,29 they may be more likely either to have a true early latent syphilis infection
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detected or, in the event of fluctuating syphilis titers or treatment failure, to be misclassified
as having a new early latent syphilis infection.30–32 If some of the association between HIV
infection and repeat syphilis infection is caused by more intensive screening for syphilis
among HIV-infected MSM than among HIV-uninfected MSM, we may be underestimating
the incidence of repeat syphilis infection in the latter group. This finding highlights the
importance of improving follow-up serological testing after an early syphilis infection for all
MSM, regardless of their HIV status.
In this study, Black MSM were more likely than were White MSM to have a repeat PS
syphilis infection. Previous studies have shown that Black MSM have a higher incidence of
sexually transmitted diseases (STDs) and HIV than do White MSM despite a lower
prevalence of self-reported sexual risk behaviors.33 The reasons for this apparent
discrepancy are unclear; possible explanations include differences in structural-level factors
(e.g., socioeconomic status and access to care) and network-level factors (e.g., network size
and interconnectedness).34 Black MSM are more likely to report same-race sexual
partnering,35,36 which can lead to more tightly connected sexual networks, fostering the
spread of STDs.37 Several studies have shown that Black MSM are more likely than are
White MSM to report serodiscordant unprotected anal intercourse.26,38,39
The extent to which the association between Black race and repeat syphilis infection reflects
differences in sexual network structure, serosorting practices, or other factors warrants
further study. Assessing how these factors intersect to affect risk in other racial/ethnic
groups, including Latinos and Asians, is also important. The association between Black race
and risk of repeat syphilis infection was not significant in the 2 analyses that included repeat
early latent syphilis cases. This finding may reflect differences in access to care and STD
screening and detection between Black and White MSM, in that White MSM may be more
likely than are Black MSM to be screened for syphilis when they are asymptomatic and thus
may be more likely to have an early latent syphilis infection detected.40,41
Limitations
This study involved several limitations. Negative serological tests for syphilis are not
reportable to the state, and we did not have complete records of follow-up syphilis tests for
treated patients; thus, it was not possible to assess directly the impact of screening on
detection of repeat syphilis infections. Limiting the analysis to PS syphilis infection did not
completely eliminate this source of bias because HIV-infected MSM might be more likely
than are HIV-uninfected MSM to have access to primary and urgent care, allowing for more
timely detection of symptomatic (i.e., PS) syphilis infection.
In addition, we were not able to identify individuals with a repeat syphilis infection who
moved outside of California during the follow-up period or who provided a different name
or birth date at one or several diagnoses of syphilis. Although lack of sensitivity in matching
syphilis cases to subsequent cases in the follow-up period would lead to underestimation of
the number of repeat infections, we would not expect the sensitivity of the match to change
over the study interval or to be different across the demographic, clinical, or behavioral risk
factors we examined.
We restricted the analysis to interviewed MSM; 396 (11.7%) MSM with PS syphilis who
were not interviewed were excluded. Although MSM with PS syphilis who could not be
contacted for an interview or refused to be interviewed did not differ with respect to age or
race from those who were interviewed (data not shown), they could have differed in terms of
behavioral risk factors. Thus, our findings may not be generalizable to individuals with PS
syphilis who are not interviewed by a disease intervention specialist. We did not have
information on rate of new partner acquisition, interval between sex partners, partners’ risk
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behaviors, or network-level factors (e.g., network size, interconnectedness, or concurrency),
all of which have been shown to affect risk for STDs.42–44 In addition, because no follow-up
data were available for men who did not have a repeat syphilis infection, we were unable to
assess dynamic changes in risk behaviors between the initial and repeat infection that may
have influenced risk for repeat infection.
Conclusions
Despite these limitations, this study provides a comprehensive review of repeat syphilis
infection across the state of California. Our data suggest that behavioral and network-level
factors are important determinants of risk for repeat syphilis infection among MSM.
Improving follow-up after the first syphilis infection for both HIV-uninfected and HIV-
infected MSM, particularly those with high numbers of sex partners, and improving access
and linkage to STD screening and treatment among Black MSM may help reduce rates of
syphilis.45 Syphilis elimination efforts and other public health interventions targeting MSM
should include messages about the risk for repeat syphilis infection, the importance of
follow-up syphilis testing, and the need to modify risk behaviors to prevent future infections.
Acknowledgments
This study was supported in part by grant 1H25PS001379-01 (Gail Bolan) from the Centers for Disease Control
and Prevention (Comprehensive STD Prevention Systems) and by grant T32 MH-19105-21 from the National
Institute of Mental Health.
This work was previously presented in poster form at the 18th Conference on Retroviruses and Opportunistic
Infections, Boston, MA, February 2011.
References
1. Sexually Transmitted Diseases in California, 2008. Richmond, CA: California Dept of Public
Health, STD Control Branch; 2009.
2. Zetola NM, Klausner JD. Syphilis and HIV infection: an update. Clin Infect Dis. 2007; 44(9):1222–
1228. [PubMed: 17407043]
3. Centers for Disease Control and Prevention. Trends in primary and secondary syphilis and HIV
infections in men who have sex with men—San Francisco and Los Angeles, California, 1998–2002.
MMWR Morb Mortal Wkly Rep. 2004; 53(26):575–578. [PubMed: 15241298]
4. Centers for Disease Control and Prevention. Primary and secondary syphilis—United States, 2003–
2004. MMWR Morb Mortal Wkly Rep. 2006; 55:269–273. [PubMed: 16543880]
5. Heffelfinger JD, Swint EB, Berman SM, Weinstock HS. Trends in primary and secondary syphilis
among men who have sex with men in the United States. Am J Public Health. 2007; 97(6):1076–
1083. [PubMed: 17463387]
6. Fenton KA. A multilevel approach to understanding the resurgence and evolution of infectious
syphilis in Western Europe. Euro Surveill. 2004; 9(12):3–4. [PubMed: 15677857]
7. Buchacz K, Klausner JD, Kerndt PR, et al. HIV incidence among men diagnosed with early syphilis
in Atlanta, San Francisco, and Los Angeles, 2004 to 2005. J Acquir Immune Defic Syndr. 2008;
47(2):234–240. [PubMed: 18340654]
8. Taylor MM, Hawkins K, Gonzalez A, et al. Use of the serologic testing algorithm for recent HIV
seroconversion (STARHS) to identify recently acquired HIV infections in men with early syphilis
in Los Angeles county . J Acquir Immune Defic Syndr. 2005; 38(5):505–508. [PubMed: 15793359]
9. Fleming DT, Wasserheit JN. From epidemiological synergy to public health policy and practice: the
contribution of other sexually transmitted diseases to sexual transmission of HIV infection. Sex
Transm Infect. 1999; 75(1):3–17. [PubMed: 10448335]
10. Palacios R, Jimenez-Onate F, Aguilar M, et al. Impact of syphilis infection on HIV viral load and
CD4 cell counts in HIV-infected patients. J Acquir Immune Defic Syndr. 2007; 44(3):356–359.
[PubMed: 17159654]
Cohen et al. Page 8













11. Buchacz K, Patel P, Taylor M, et al. Syphilis increases HIV viral load and decreases CD4 cell
counts in HIV-infected patients with new syphilis infections. AIDS. 2004; 18(15):2075–2079.
[PubMed: 15577629]
12. Thomas JC, Tucker MJ. The development and use of the concept of a sexually transmitted disease
core. J Infect Dis. 1996; 174(suppl 2):S134–S143. [PubMed: 8843243]
13. Ghani AC, Garnett GP. Risks of acquiring and transmitting sexually transmitted diseases in sexual
partner networks. Sex Transm Dis. 2000; 27(10):579–587. [PubMed: 11099073]
14. Phipps W, Kent CK, Kohn R, Klausner JD. Risk factors for repeat syphilis in men who have sex
with men, San Francisco. Sex Transm Dis. 2009; 36(6):331–335. [PubMed: 19556925]
15. Katz KA, Lee MA, Gray T, Marcus JL, Pierce EF. Repeat syphilis among men who have sex with
men—San Diego county, 2004–2009. Sex Transm Dis. 2011; 38(4):349–352. [PubMed:
21099734]
16. Ogilvie GS, Taylor DL, Moniruzzaman A, et al. A population-based study of infectious syphilis
rediagnosis in British Columbia, 1995–2005. Clin Infect Dis. 2009; 48(11):1554–1558. [PubMed:
19402790]
17. Brewer TH, Peterman TA, Newman DR, Schmitt K. Reinfections during the Florida syphilis
epidemic, 2000–2008. Sex Transm Dis. 2011; 38(1):12–17. [PubMed: 20739912]
18. Ciesielski, C. Repeat syphilis infection in MSM, 2000–2005; Jacksonville, FL. Paper presented at:
National STD Prevention Conference; 2006 May 8–11.
19. Newbern, EC.; Anschuetz, G.; Salmon, M.; Asbel, L. Syphilis again and again—syphilis re-
infection in Philadelphia, 2002–2009; Atlanta, GA. Paper presented at: National STD Prevention
Conference; 2010 Mar 8–11.
20. Workowski KA, Berman SM. Sexually transmitted diseases treatment guidelines, 2006. MMWR
Recomm Rep. 2006; 55(RR-11):1–94. [PubMed: 16888612]
21. Aberg JA, Kaplan JE, Libman H, et al. Primary care guidelines for the management of persons
infected with human immunodeficiency virus: 2009 update by the HIV Medicine Association of
the Infectious Diseases Society of America. Clin Infect Dis. 2009; 49(5):651–681. [PubMed:
19640227]
22. Cal Code Regs §§ 2500, 2505. 2011
23. California Gonorrhea Surveillance System Quarterly Summary Data Tables for Cases Diagnosed
From January 1–December 31, 2008. Richmond, CA: California Dept of Public Health, STD
Control Branch; 2009.
24. Xia Q, Molitor F, Osmond DH, et al. Knowledge of sexual partner’s HIV serostatus and
serosorting practices in a California population-based sample of men who have sex with men.
AIDS. 2006; 20(16):2081–2089. [PubMed: 17053354]
25. McConnell JJ, Bragg L, Shiboski S, Grant RM. Sexual seroadaptation: lessons for prevention and
sex research from a cohort of HIV-positive men who have sex with men. PLoS ONE. 2010;
5(1):e8831. [PubMed: 20098616]
26. Eaton LA, Kalichman SC, Cain DN, et al. Serosorting sexual partners and risk for HIV among men
who have sex with men. Am J Prev Med. 2007; 33(6):479–485. [PubMed: 18022064]
27. McClelland RS, Lavreys L, Katingima C, et al. Contribution of HIV-1 infection to acquisition of
sexually transmitted disease: a 10-year prospective study. J Infect Dis. 2005; 191(3):333–338.
[PubMed: 15633091]
28. Marcus JL, Katz KA, Bernstein KT, Nieri G, Philip SS. Syphilis testing behavior following
diagnosis with early syphilis among men who have sex with men—San Francisco, 2005–2008.
Sex Transm Dis. 2011; 38(1):24–29. [PubMed: 20679965]
29. Horberg MA, Ranatunga DK, Quesenberry CP, Klein DB, Silverberg MJ. Syphilis epidemiology
and clinical outcomes in HIV-infected and HIV-uninfected patients in Kaiser Permanente northern
California. Sex Transm Dis. 2010; 37(1):53–58. [PubMed: 19734820]
30. Peterman TA, Kahn RH, Ciesielski CA, et al. Misclassification of the stages of syphilis:
implications for surveillance. Sex Transm Dis. 2005; 32(3):144–149. [PubMed: 15729150]
31. Ghanem KG, Erbelding EJ, Wiener ZS, Rompalo AM. Serological response to syphilis treatment
in HIV-positive and HIV-negative patients attending sexually transmitted diseases clinics. Sex
Transm Infect. 2007; 83(2):97–101. [PubMed: 16943224]
Cohen et al. Page 9













32. Rolfs RT, Joesoef MR, Hendershot EF, et al. A randomized trial of enhanced therapy for early
syphilis in patients with and without human immunodeficiency virus infection. N Engl J Med.
1997; 337(5):307–314. [PubMed: 9235493]
33. Millett GA, Flores SA, Peterson JL, Bakeman R. Explaining disparities in HIV infection among
black and white men who have sex with men: a meta-analysis of HIV risk behaviors. AIDS. 2007;
21(15):2083–2091. [PubMed: 17885299]
34. Aral SO, Lipshutz J, Blanchard J. Drivers of STD/ HIV epidemiology and the timing and targets of
STD/ HIV prevention. Sex Transm Infect. 2007; 83(suppl 1):i1–i4. [PubMed: 17664361]
35. Laumann EO, Youm Y. Racial/ethnic group differences in the prevalence of sexually transmitted
diseases in the United States: a network explanation. Sex Transm Dis. 1999; 26(5):250–261.
[PubMed: 10333277]
36. Raymond HF, McFarland W. Racial mixing and HIV risk among men who have sex with men.
AIDS Behav. 2009; 13(4):630–637. [PubMed: 19479369]
37. Aral SO. Patterns of sexual mixing: mechanisms for or limits to the spread of STIs? Sex Transm
Infect. 2000; 76(6):415–416. [PubMed: 11221121]
38. Mimiaga MJ, Reisner SL, Cranston K, et al. Sexual mixing patterns and partner characteristics of
black MSM in Massachusetts at increased risk for HIV infection and transmission. J Urban Health.
2009; 86(4):602–623. [PubMed: 19466554]
39. Eaton LA, Kalichman SC, Cherry C. Sexual partner selection and HIV risk reduction among black
and white men who have sex with men. Am J Public Health. 2010; 100(3):503–509. [PubMed:
20075328]
40. Mimiaga MJ, Reisner SL, Bland S, et al. Health system and personal barriers resulting in decreased
utilization of HIV and STD testing services among at-risk black men who have sex with men in
Massachusetts. AIDS Patient Care STDS. 2009; 23(10):825–835. [PubMed: 19803696]
41. Johnson CV, Mimiaga MJ, Reisner SL, et al. Health care access and sexually transmitted infection
screening frequency among at-risk Massachusetts men who have sex with men. Am J Public
Health. 2009; 99(suppl 1):S187–S192. [PubMed: 19218176]
42. Fenton KA, Breban R, Vardavas R, et al. Infectious syphilis in high-income settings in the 21st
century. Lancet Infect Dis. 2008; 8(4):244–253. [PubMed: 18353265]
43. Koumans EH, Farley TA, Gibson JJ, et al. Characteristics of persons with syphilis in areas of
persisting syphilis in the United States: sustained transmission associated with concurrent
partnerships. Sex Transm Dis. 2001; 28(9):497–503. [PubMed: 11518865]
44. Aral SO. Just one more day: the gap as population level determinant and risk factor for STI spread.
Sex Transm Dis. 2008; 35(5):445–446. [PubMed: 18434939]
45. Gray RT, Hoare A, Prestage GP, Donovan B, Kaldor JM, Wilson DP. Frequent testing of highly
sexually active gay men is required to control syphilis. Sex Transm Dis. 2010; 37(5):298–305.
[PubMed: 20393383]
Cohen et al. Page 10














Number of cases of primary or secondary syphilis among men who have sex with men
(MSM) and annual proportion of MSM with a repeat PS syphilis infection within 2 years:
California, 2002–2006.
Note. P = .43 for Cochrane–Armitage test of trend for annual proportion of MSM with a
repeat primary or secondary syphilis infection within 2 years.
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Flow sheet of men who have sex with men (MSM) who were excluded from the risk factor
analysis.
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TABLE 2
Factors Associated With Risk of Repeat Syphilis Infection Among Men Who Have Sex With Men (MSM) in
Multivariable Analyses, by Stage of Syphilis at Repeat Diagnosis: California, 2004–2006








Primary or secondarya (n=162b) 1.65 (1.14, 2.37) 1.84 (1.12, 3.04) 1.98 (1.12, 3.50)
Primary, secondary or early latentc (n =300b) 2.27 (1.70, 3.02) 1.39 (0.92, 2.10) 1.99 (1.30, 3.05)
Early latentd (n=138b) 3.45 (2.19, 5.44) 0.88 (0.45, 1.71) 1.98 (1.08, 3.64)
Note. AOR=adjusted odds ratio; CI=confidence interval. Odds ratios were adjusted for region, race, HIV status, number of sex partners, and
methamphetamine use.
a
Baseline group: 2862 interviewed MSM with an initial primary or secondary syphilis infection who did not have a repeat early latent syphilis
infection.
bNumber of MSM reinfected within 2 years.
c
Baseline group: 3000 interviewed MSM with an initial primary or secondary syphilis infection.
d
Baseline group: 2838 interviewed MSM with an initial primary or secondary syphilis infection who did not have a repeat primary or secondary
syphilis infection.
Am J Public Health. Author manuscript; available in PMC 2013 August 05.
